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1. IC Design Workflow with PathwWave ADS (MMIC PA Design)
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4. Conclusion



|IC Design Workflow with PathWave ADS
(MMIC PA Design)



Keysight PathWave Advanced Design System (ADS)

Premier RF & Microwave Design Software
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Keysight Pathwave MMIC Solutions
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Integrated Solution For Pre- And Post-Layout Analysis

Schematic and Simulation
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Schematic Design i DC Analysis of FET

A DC Analysis is usually performed at the start of amplifier design to understand the transistor performance

A ADS provides template that quickly helps designers to setup the simulation test bench.
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Schematic Design i Optimization of Circuits

A After understanding the transistor performance, designer will start to create the various circuit:

1. Bias Circuit
2. Stability Circuit

3. Impedance Matching Circuit

A ADS Provides tools that helps designer to achieve their goals:

1. Smith Chart Utility Tool for Impedance Matching
2. StabFact component to measure stability quickly

3. Optimization Cockpit
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Schematic Design i S-Parameter Simulation
Stability Optimization

A Perform S-Parameter simulation for Stability and Impedance Matching purposes.
A Below schematic perform Optimization for Stability (K-Factor) > 1.05 at all frequencies.

A SmGammal and SmGammaz2 to measure simultaneous-match input-reflection and output-reflection coefficient.
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Schematic Design i S-Parameter Simulation
Stability Optimization

A Optimized K-Factor Results with S-Parameters being measured.

A SmGammal and SmGammaz2 values are measured for impedance matching (@ 2GHz) for the next step.
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Schematic Design i S-Parameter Simulation
Impedance Matching @ 2GHz i Smith Chart Utility Tool

A Based on the measured SmGammal and SmGammaz2, these values can be placed in the Smith Chart Utility Tool to creating matching
network automatically.
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Schematic Design i S-Parameter Simulation
Impedance Matching i Smith Chart Utility Tool

A Impedance Matched Results
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Schematic Design i S-Parameter Simulation
Using PDK Components

A To bring the results one step closer to the measurement results, Process Design Kits (PDKs) from Foundries or Vendors will be used to
replace the ideal components.

A Due to the model creation depending on the Foundries or Vendors, ideal component values may not be exactly replaced with PDK
component values i especially for inductor models.
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Schematic Design i S-Parameter Simulation
Using PDK Components

A Comparison of Results
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Schematic Design i S-Parameter Simulation
Using PDK Components - Tuning

A Tuning can help to fine tune the performance of the design.

A Tuning updates the results instantly i no need to re-run the simulation.
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Schematic Design i S-Parameter Simulation
Using PDK Components - Tuning

A Tuning can help to fine tune the performance of the design.

A Tuning updates the results instantly i no need to re-run the simulation.

I + l T
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V_DC V_DC
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Schematic Design i S-Parameter Simulation
Using PDK Components - Tuning

A Tuning can help to fine-tune and improve the results.
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Schematic Design i S-Parameter Simulation

Using PDK Components T Microstrip Line

A To complete the simulation, PDK Microstrip line are used to complete the design.

A If the results shift too much, consider Tuning/Optimization to fine tune the results.
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Schematic Design i S-Parameter Simulation
Complete Design: 2 Stage Amplifier Design

A The final demo design is a 2-Stage Amplifier and below are the schematic and results details.
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Schematic Design i S-Parameter Simulation
Complete Design: 2 Stage Amplifier Design

A The final demo design is a 2-Stage Amplifier and below are the schematic and results details.

LTE_PA_JS
schematic
X1

Term Term
Tm Term2
Num=1 Num=2
2=50 Ohm Z=30 Ohm

Sub-Circuit Symbol
representing 2-Stage Amplifier
Schematic Design

7
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Layout Design i Design Synchronization

From Schematic to Layout

A Design Synchronization allows designs from schematic to be brought over to layout, while maintaining the schematic parameter such
as component values, layout parameters (e.g Width, Length, No. of Turns, etc.) in layout.

A Valid for PDK Models/Components that has both schematic and layout components.

B FET1 [Morse Micro_ Deme libFETlilsyout] (Layoutk 10

9 € RQD ¢ MR e SN
w A HOEOA

OE @
ol ) G A HEHHEHEHE

RS X9 468 P LW\ 2R MRS EA2EE eV AW
= 0 LGEX AT IO @ W% ¢

Layout Simulate  Window  Dynamiclink -
EFE R & @

Generate/Update Layout...

Place Compenents From Schem To Layout

Design Differences...

Design Synchronization options, to
bring all schematic design into
layout with a single import, or
import the components into the

layout individually.

Design
Synchronization




Layout Design i Design Synchronization

From Schematic to Layout

A Complete Layout Design for the 2-Stage Amplifier after design synchronization.

File Technology Edit

N1E R S

Substrate Stack-up are typically already defined by the PDK models.

View Options

Tools

Window

Help

P BEENEM

Substrate Name: tech (Master Substrate)

10134
Hve_pas
o
101.22 =
Hvia
ez
H
10022
\rang
El
100.12
Flvia_nicy
|
100
Eswa
0 micron

Substrate Layer Stackup
Type
Dielectric
Dielectric
2 Conductor Layer
Dielectric

3 Conductor Layer

Name

M2 (8)

M1 (6)

Material
top
Demo_Nit31

PERFECT_CON...

Demo_Poly111

PERFECT_CON...

L} (X substrate vias
A Type

% Conductor Via

0120 |27 conductor Via
Tum | 2% Conductor Via
tum |27 conductorvie

Tum 7/// Conductor Via
> <

Name
Via_Mitl (3)
Via_Pass (9)
Vial_1 (5)
Vial_2 (7)
BVia (10)

top1

Demo_Nit31 (7.5)
0.12 migon

Demo_Polyl11 (2.7)

1 micren

Demo_Nit21 (7.5)
0.1 micron

Demo_Nit1111 (7.5)

0.12 migon

Demo_GaAslll (12.9)

100 micon

Top
MO (4)
Interface 1
M1 (6)
M2 (8)

mesa (1)

a

m F = =

Alternatively, create substrate stack-up using the ADS substrate editor

= tech [LTE_MMIC_PA_JS_2020_lib] (Substrate):3

Use right mouse context menus to add or delete substrate items.
Select items on the substrate and view their properties below.
Shorteuts in the Edit menu can be used to quickly edit the next substrate item,

Conductor Layer

Layer [M2 @) =
Process Role | Conductor v
[ ©nly pins and pin shapes from layer
Material PERFECT_CONDUCTOR ~|[-
@ Sheet
Operaton (O Intrude into substrate
() Expand the substrate
Position
Thickness |1 || micron v
Angle [0 | degrees
Surface Top | <None> ~
roughness
model Bottom | <None> |
== 24
Precedence |0 i TN
=

To move the layer up or down on the substrate, just drag it up or down.



Layout Design i EM-Circuit Cosimulation
What we heard over the years

5 cell.1 1C_Chips Rocell Ischematic] (Schematick .
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Tedious, Time-Consuming and Error Prone!
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Layout Design i EM-Circuit Cosimulation

RFPro Simulation - Introduction

H 7‘ i " LayOUt
ADS - -
Tech file + Circuit

Advanced
Desgn System START

A

‘0 Integrated
EM / Circuit
?’ Co-Simulation

EM-Circuit
Co-sim

FINISHED

Strip Ckt Components & Erase non-
simulateable structures from layout

Add Pins to replace stripped ckt

omponents from Layout

v
Export
GDS file
Export port
locations to
a .MSK file

'

Run custom program to
create script file to auto-
generate ports in 3rd

party EM tools A

Auto-generate Pg
(For complex igns)

Reconnect
Ckt to EM
S-parameters in ADS

— >

Import GDS filg
into other 3rd

EM togh®
L4

Re-A#51gn material
formation

v
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po or simulation
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.
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ADS
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Layout Design i EM-Circuit Cosimulation

RFPro Simulation - Introduction

ARFPro in ADS Removes EM Setup Complexity

A Layout A Solver A Integration
‘/ No Cookie cutting ‘/ No expert setup ‘/ Integrated EM and Circuit Co-Simulation
‘/ No exporting ‘/ Be com_‘ident in the setup of the / 3D Vi_eW
: : . simulation and accuracy of the results ‘/ Solution for RF PCB, RFIC, MMIC and
No removing active devices : :
Q/ and placing pins & ports +/ Better automated defeaturing (via RF Modules
_ _ merging/dummy removal/hatched ‘/ Same user interface for ADS and
s-parameter files +/ Same environment for FEM and
Momentum




Layout Design T EM-Circuit Cosimulation
RFPro Simulation - Setup

A Nets Assignment (Signal, Ground, Power) for
automation in Ports Creation.

A Simple Drag-and-Drop for Ports and
Component Creation

A

Various options for model presentation i
Lumped, SnP, Model DB, and Library Cell
(PDK, SPICE)




